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126 The Journal of Thoracic and Cardbjective: The internal thoracic artery is frequently used as an arterial graft for
oronary bypass. Spasms of internal thoracic artery may contribute to early myo-
ardial ischemia. To prevent vasospasm and increase the blood flow, some vasodi-
atory agents (such as carbon dioxide or papaverine) are used. The aim of the study
as to evaluate the combined effects of carbon dioxide and papaverine versus either
lone on the blood flow of the internal thoracic artery.
ethods: One hundred patients undergoing coronary artery bypass grafting (28
omen and 72 men) with similar characteristics were randomly divided into four
roups. We used the classic technique without any vasodilatory management before
urgery in group 1, papaverine injection into the endothoracic fascia in group 2, and
arbodissection technique in groups 3 and 4. Initial free flows of the internal thoracic
rteries were measured after cutting of the vessel. After the first measurement, the
TA pedicles were washed with papaverine solution and wrapped with gauze in the
rst and fourth groups. Blood flow measurements were repeated 15 minutes later in
ll groups.
esults: When vasodilatory management was applied during excision, the blood
ows were significantly increased relative to group 1. The mean blood flows reached
significantly higher level in groups 1, 2, 3, and 4 at the second measurements. In
roups 2 and 3, the increase at the first measurements compared to the first group’s
evel was continuously high, but no additional increase was observed between the
rst and second measurements. In groups 1 and 4, regardless of whether a previous
asodilatory management was present, the increases measured at repeated measure-
ents were significant versus each group’s first measurements (P  .05).
onclusions: Vasodilatory management, such as injection of papaverine into endo-
horacic fascia or carbon dioxide insufflation applied during excision, increased the
ree blood flows of internal thoracic artery pedicles. Exogenously applied papaver-
ne produces an additional and continuous vasodilatation regardless of whether a
asodilatory intervention was previously applied.
he left internal thoracic artery (ITA) is one of the most commonly used
arterial bypass grafts in myocardial revascularization. Its clinical superiority
to saphenous vein grafts has been shown to be tremendous in terms of
ong-term patency and low incidence of graft degeneration, even in end-stage
oronary artery disease.1-3
Perioperative spasm of the ITA is a common problem in coronary artery bypass
rafting (CABG). Spasms of ITA may contribute to early myocardial ischemia,
ncreasing perioperative morbidity and mortality, in addition to hypoperfusion
yndrome, as manifested by left ventricular failure and increased pulmonary wedge
ressure, which is related to inadequate blood flow through arterial grafts.4-7 A graft
pasm or a further reduction in arterial graft flow may be caused by surgical trauma
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Po the endothelium, which leads to a serious thromboxane
2 release from activated platelets or by catecholamines
roduced in excessive amounts during surgical stress in-
uced by CABG or by administered drugs.8 Vasospasm of
he ITA seen at the early period after operation or a decrease
n blood flow as a result of intimal proliferation or athero-
clerosis seen years after operation can cause hazardous
esults in CABG patients.9
ITA may be harvested and used as pedicled, skeleton-
zed, or free grafts. All these methods aim to increase the
rterial capacity of blood flow and avoid vasospasm. To
revent vasospasm during or after surgical intervention and
ncrease blood flow, some vasodilatory agents (such as
arbon dioxide or papaverine) can be used.
The aim of this study was to compare the free flow
apacities of ITA grafts prepared by classic harvesting, by
njection of papaverine into endothoracic fascia, or by car-
odissection techniques. This study also aimed to evaluate
he effects of carbon dioxide and papaverine in combination
r alone on the blood flow of ITA and a possible additional
ontribution from exogenously applied papaverine.
atients and Methods
atients
fter the local (Karadeniz Technical University School of Medi-
ine) research ethics committee approval (No. 2004/10) was ob-
ained, 100 patients with coronary artery disease who had no exclu-
ion criteria and who would undergo elective, isolated, primary
ABG operation were selected from the waiting list. They were
ssigned by a random number generator into classic (group 1),
apaverine (group 2) and carbodissection (groups 3 and 4) groups.
ach group included 25 patients (Table 1). The demogra
ariables did not show any significant difference between groups.
Abbreviations and Acronyms
CABG coronary artery bypass grafting
ITA  internal thoracic artery
ABLE 1. Patient demographic, preoperative, and perioper
ariable Group 1 Group 2
ex (female/male) 7:18 8:17
ge (y) 59.3 10.9 61.4 12.
SA (m2) 1.8  0.1 1.8 0.1
R 1 (beats/min) 72.1 8.7 71.3 8.9
R 2 (beats/min) 70.5 9.3 70.6 7.1
AP 1 (mm Hg) 71.6 4.8 72.1 6.5
AP 2 (mm Hg) 71.4 5.0 72.0 6.0
ata are presented as mean  SD. The paired t-test was used for compa
as used for comparison of the groups according to sex. BSA, Body surface a
The Journal of Thoracicperative Technique
ll patients were given 1 mg alprazolam (Xanax; Eczacibasi,
stanbul, Turkey) orally for sedation the night before the surgery.
he radial artery blood pressure was monitored in all cases. An-
sthesia was induced with 30-g/kg fentanyl citrate and 0.1-mg/kg
idazolam and maintained with 0.3-g/(kg · min) fentanyl citrate
nd 0.8-g/(kg · min) midazolam infusions. After the anesthesia, a
tandard median sternotomy was performed.
In the first group, ITAs were harvested by classic pedicled
echnique. A small incision was made into the endothoracic fascia
edial to the ITA pedicle and adjacent to the superior border of a
ostal cartilage. Dissection of the pedicle was completed by con-
inuing the incision in the endothoracic fascia through the length of
he pedicle with scissors, and the pedicle was gently separated
rom the chest wall by blunt dissection. To identify the ITA
ranches, clips were applied to the artery. Before the ITA harvest-
ng in the second group, papaverine (10 mg papaverine in 20 mL
aline solution) was injected to the endothoracic fascia adjacent to
he surgical area.10 Before the ITA harvesting in the third 
ourth groups, carbon dioxide was suffused to the endothoracic
ascia with a flow rate of 4 to 6 L/min.11,12 To avoid thermal injur
hile harvesting the ITAs, electrocautery was never used. All
TAs were harvested in a pedicled manner.
Heparin (300 U/kg) was administered intravenously 3 minutes
efore the transection of the ITA. The first free flow was calculated
y leaving the artery bleeding for a minute after cutting the distal
nd of the vessel. During the flow measurements, the heart rate,
rterial systolic and diastolic pressures, and mean arterial pressures
ere recorded. In the first and fourth groups, after the first mea-
urements, the ITAs were washed with papaverine solution (10 mg
apaverine in 20 mL saline solution) and wrapped with gauze. In
ll groups, second measurements were taken 15 minutes after
utting the artery (just before CPB). All these cases involved
nastomosis of the left anterior descending artery with a left ITA.
tatistical Analysis
ata are presented as mean  SD. The paired t-test was used for
omparisons between first and second measurements in each
roup. The 2 test was used for comparisons of the groups accord-
ng to sex. The alterations in blood flow rates between the groups
ere evaluated by 1-way analysis of variance (ANOVA). The
ukey post hoc test was then used to compare ITA flows between
he groups.
data
Group 3 Group 4 P value
6:19 7:18 .941
60.2 10.0 58.4 10.7 .81
1.8  0.1 1.8  0.1 .857
72.2  7.4 72.4  7.0 .971
72.4  6.0 72.7  6.1 .594
71.8  6.9 72.0  7.1 .995
71.4  6.8 71.6  6.0 .982
s between first and second measurements in each group and the 2 testative
6
rison
rea; HR, heart rate; MAP, mean arterial pressure.
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CSPesults
he demographic and hemodynamic data are shown in
able 1. There were no significant alterations in heart
nd mean arterial pressure during the first and second mea-
urements of blood flow. No patient had perioperative myo-
ardial infarction. There were no significant differences in
he use of inotropic agents and postoperative drainage be-
ween patient groups. In our study, all patients had sponta-
eous return of sinus rhythm. We did not observe any serious
omplications, such as pleural effusion, and all patients
ere discharged after a postoperative observation period.
In the first measurement, the mean blood flows of ITA
ere 40.2  13.0, 53.8  11.2, 60.7  13.0, and 60.0 
3.4 mL/min in groups 1, 2, 3, and 4, respectively. When
asodilatory management (injection of papaverine into en-
othoracic fascia or carbon dioxide insufflation) was ap-
lied during excision, the blood flows were significantly
ncreased relative to group 1, which was harvested by clas-
ic technique without any vasodilatory management. The
ean blood flows reached significantly higher levels in the
econd measurements of 53.4  10.7, 55.0  10.4, 60.8 
1.7, and 78.0  14.4 mL/min in groups 1, 2, 3, and 4,
espectively. In groups 2 and 3, in which papaverine alone
as injected before harvesting or carbon dioxide alone was
pplied, the increase in the first measurements relative to the
roup 1’s level were high in a continuous and stable man-
er, but no additional increase was observed between the
rst and second measurements. In the exogenous papaver-
ne groups, independent of previous vasodilatory treatment
groups 1 and 4), the increases in the blood flows obtained
t repeated measurements were continuous and statistically
ignificant relative to each group’s first measurements (P 
igure 1. Effects of papaverine and carbon dioxide on first (black
ars) and second (white bars) flow rates of internal thoracic
rtery in experimental groups. Values are presented as mean 
D (n  25 in each group). a, P < .05 versus first measurement in
ach group; b, P< .05 versus first measurement in group 1; c, P<
05 versus second measurements of groups 1, 2, and 3.05; Figure 1). i
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lthough the long-term patency of ITA grafts is generally
ccepted, and they are the first choice for coronary conduits,
pasm of ITA after CABG can be seen as with other
rafts.1-3 ITA spasms may contribute to early myocard
schemia, increasing perioperative morbidity and mortality.
n addition, inadequate blood flow through arterial grafts
ay cause a hypoperfusion syndrome manifested by left
entricular failure, increasing pulmonary wedge pressure,
nd cardiac arrest.13
Because ITA is sensitive to trauma, which can lead to
rterial spasm, some precautions are taken to prevent such
pasms. The increased release of various vasoconstricting
ubstances, such as sympathetic amines14 and the decreas
n the amount of vasodilators (such as nitric oxide), probably
aused by trauma especially to the endothelial layer of the
rtery, which is the main source of such endogenous vasodi-
atory factors,15 are at the heart of this vasoconstriction
One of the vasodilatory managements that can be applied
uring harvesting is carbon dioxide insufflation.11 This
ethod depends on iatrogenic emphysema induced by car-
on dioxide insufflated into the endothoracic fascia. This
arbodissection technique gives a proper medium for the
urgeon at the harvesting course with a better visualization.
t was reported that a better exploration could protect the
rterial branches from trauma and consequent spasm, help
he surgeon in gentle excision.11,12
Koramaz and colleagues16 reported that carbon dioxid
nsufflation protected the integrity of whole vessel and
revented the possible vasospasm of the artery, mainly as a
esult of its effect on endothelial function. Ozkan and asso-
iates17 reported in a previous study that carbon diox
nsufflation alone increased the free flow rate of ITA rela-
ive to both its own control and topical papaverine alone. In
his study, we observed that carbon dioxide insufflation
efore harvesting increased the flow rate of ITA in both the
rst and second measurements in group 3 relative to group
’s measurement without any vasodilatory management be-
ore harvesting. This increase was also valid in the first
easurement of group 4. On the basis of the nearly equal
esults of the first and second measurements in group 3, we
an say that this prominent effect of carbon dioxide is stable
nd permanent. The vasodilatory effect of carbon dioxide
as long lasting. In an in vitro study by Koramaz and
olleagues,16 the protective effect of carbon dioxide for
ndothelium-dependent relaxation was still seen nearly 3 to
hours after insufflation in the operating room.
Known negative effects of arterial spasms have forced
urgeons to develop new techniques (modified pedicled, skel-
tonized, carbodissection techniques) and use some drugs
calcium-channel blockers, phosphodiesterase inhibitors) to
void arterial spasm or intimal damage. One of these drugs
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Psed to protect against arterial spasm in CABG patients.
apaverine directly dilates the smooth muscle of the arter-
es. This vasodilatory effect is not dependent on endothe-
ium and factors released from the endothelial layer. In
ddition, a synergistic action of papaverine comes from its
alcium-channel blocking, adenosine-uptake blocking, and
hosphodiesterase-inhibiting effects. Papaverine may be
sed in different routes of administration, such as injection
nto the endothoracic fascia before harvesting,10 periarterial
njection to the pedicle, and intraluminal injection or topical
dministration to the pedicle by washing with the drug and
rapping with gauze washed by papaverine.18 Although
akeuchi and colleagues19 and other authors20 have shown
apaverine injection to increase free flow rates of ITA, in
ur study we did not use papaverine intraluminally, because
ts acidic nature can cause endothelial cell damage in addi-
ion to its possible mechanical injury effect on the endothe-
ial layer.21
In this study, papaverine injection into the endothoracic
ascia in group 2 improved the first and second measure-
ents of flow rates relative to the first measurement in the
rst group without any vasodilatory management. The in-
rease caused by this method was stable and permanent in
roup 2, because there was not any difference between the
rst and second measurements of ITA flow rate in the
atients of group 2. But Girard and coworkers22 reported
hat injection of papaverine into the endothoracic fascia did
ot improve flow rate. It can be suggested that this differ-
nce between their results and our own may be related to the
ifferent characteristics of our patient populations. Any of
he variables of our patients did not differ among patient
roups, and it can be accepted that the groups are well
atched (Table 1). But in Girard and coworkers’ pa
roups,22 there are some limitations such as randomizati
niformity, and sample size.
Topically applied papaverine washing and wrapping the
rtery also improved the ITA flow rate. This significant
mprovement is seen especially in group 1 between the first
nd second measurements, when the artery was harvested
ithout any vasodilatory agent. Such a dramatic increase is
lso seen in group 4, in which carbon dioxide was applied.
n this group, an additional improvement was obtained by
opical papaverine. Carbon dioxide caused a steady increase
n flow rates in group 3, and a more prominent and signif-
cant increase was induced by topical papaverine in addition
o carbon dioxide in group 4.
The mechanism of this improvement with papaverine is
ainly its vasodilatory effect. Papaverine is a potent vaso-
ilatory drug used in human beings for different indications.
njection of the drug to the endothoracic fascia clearly im-
roves the flow rate in group 2. But topical application of
he drug is also capable of the increase in flow rates seen
n group 1. The same route of application makes an addi-
The Journal of Thoracicional contribution in carbon dioxide–insufflated patients.
ll these results show that topically administrated papaver-
ne, whether from washing or wrapping the artery diffuses
o the arterial tissue.
In conclusion, it can be said that any perioperative va-
odilatory management, whether systemic or local, provides
mprovements in the flow rates of ITA. The application of
ach vasodilatory agent, carbon dioxide and papaverine, can
ncrease the flow rates of the grafts through different mech-
nisms. When they are applied together, a better improve-
ent can be observed from the additive interaction of these
gents through the combined actions of their own different
ffects.
We thank Gamze Can, MD, for statistical analysis.
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